The AWC TRUclean System has been proposed as a method to reduce the volume of LSA waste during D&D excavation of Pu-238 contaminated soils on the Mound Site and Pu-238 contaminated sediments in the MiamiErie Canal. Following test runs with Mound soil, AWC suggested that the TRUclean Process could reduce the amount of LSA waste by greater than 90% if a machine were built and used to process the Mound soil. The cost savings which could potentially be realized by assuming this magnitude of volume reduction were thought to be significant on large projects. These preliminary results suggested that a review of the TRUclean Process and the 1987 test results should be performed to determine a course of action.
The AWC TRUclean Process and the test data have been evaluated and the potential effectiveness of t h e process determined for use on Mound soils and/or on the sediments in the MiamiErie Canal.
SUMMARY
The current TRUclean Process was designed to separate dense O S T I contaminated particles from coarse low-density sand on Johnston Island.
The soils and sediments at Mound have a high silt-clay content and this silt-clay size-fraction contains virtually all the contamination. A review of t h e 1987 soil decontamination tests at t h e Nevada Test Site (NTS) , revealed that AWC overestimated the effectiveness of the TRUclean Process for the type of contaminated soil and sediments at Mound. After a re-evaluation of t h e test data collected by AWC, the volume reduction predicted for Mound WD Hillside soil ranges from 20.2 to 28.4% depending on plutonium concentration. The volume reduction for Miami-Erie Canal sediments is predicted to be near zero.
Based on the Process components and the characteristics of the local contaminated soils and sediments, it is concluded that the current TRUclean Process is inappropriate for use at Mound. Further, even if the TRUclean Process was specifically designed and optimized to separate the contaminated fraction of the Miami-Erie Canal sediment, it could not be improved sufficiently to be cost effective. The contaminated clay-fraction is just too abundant and there is no way to mechanically or physically separate "hot" and "cold" clay particles. In addition, AWC has given little attention to controlling airborne contamination; this is not an insignificant problem for this process. With the current plans and designs for TRUclean, the process would have to be operated in a containment facility if it is to be used anywhere but the most remote locations.
With the disposal cost for contaminated soils so expensive and potential rewards of developing "THE SOIL DECONTAMINATION MACHINE" so great, it is to be expected that developers will oversell the applicability and effectiveness of their product. A single-process solution to all soil decontamination applications will be difficult to find because there is not just one problem; every soil presents a different challenge.
A aeneral Drocess for decontamination of soil should not be exDected and should be viewed with susDicion.
Separation techniques selected for a soil decontamination process should be tailored to t h e characteristics of the radionuclide, the characteristics of the soil, and the way the contamination is distributed in the soil. The decontamination strategy should be decided only after the contaminated soil has been carefully characterized and studied. The trial and error method of process selection will be ineffective, expensive, and dangerous.
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THE REVIEW
The review inciuded an evaluation of t h e "Gravity" technology based on published material. The TRUclean Process was evaluated after examination of the AWC 
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The The feed material is next processed by the "Selective Mineral Separator" (SMS) which separates the material according t o density. The contaminated concentrate is collected in the SMS while the remainder of the material passes onto the spiral classifier which de-waters the "clean soil" discharge. An auger in the spiral classifier continuously feeds the de-watered discharge onto a conveyer that levels the material to a uniform thickness.
The conveyer moves the discharge material under another radiological sorter which is used t o measure the contamination in the discharge and to detect hot spots. These hot spots can then be removed manually or by an automatic diversion gate (Wenstrand, AWC) . If the discharge is still too contaminated t o discard without restriction, the discharge is stored and reprocessed through the machine until a clean discharge is produced or until there is no further improvement.
The water removed from the discharge by the spiral classifier then passes through sedimentation tanks where the fine residue are allowed to settle. Finally, the water is pumped t o a plate and frame filter press (Wenstrand, AWC) to remove the remainder of the suspended clay from the water. The filtered water is then recycled back to the Selective Mineral Separator.
A t the heart of the TRUclean Process is the Selective Mineral Separator which is a mineral jig. It is based on very old technology used t o concentrate ores in the mining industry. Mineral jig processing was used extensively in the 19th and early 20th century t o concentrate minerals from ores according t o their densities. It is used now mainly t o separate pyrites from coal.
The mineral jig, shown schematically in Figure 2 , is basically a pulsed fluidized particle bed. The diaphragm pump in the hutch of the mineral jig pulses water through a screen covered with layers of steel shot into the particle bed which is continuously fed with fresh 4-feed. The stroke of the pulse into the bed is about 1/4 t o 1/2 inch and the frequency is usually 150 t o 400 cycles/min. A cycling water valve supplies water t o the hutch on the backstroke o f the diaphragm pump t o prevent drawing water from the particle bed into the hutch.
The separation o f particles is based on differential particle acceleration. A dense particle, settling in a fluid, reaches terminal velocity faster than a less dense particle of same settling characteristics. Therefore, in the time period before both particles reach terminal velocity, the dense particle will settle faster even though the two particles will later settle with the same terminal velocity.
The action in the mineral jig, alternatively dilating then allowing the fluidize particle bed t o contract (or settle), repeatedly initialize the sedimentation cycle and multiplies the density effect in the sedimentation process. As the bed dilates with the pulse of water, the light particles are carried upward relative t o the dense particles. When the bed is allowed t o contract, the dense particles move downward relative t o the light particles. Finally as this process continues, the bed becomes stratified according t o density with the most dense particles at the bottom and the least dense particles at the top. The lightest particles and the particles less than about 50 p M overflow the bed t o the discharge and are carried t o the spiral classifier. Within each of the density layers, the particles in the bed further stratify according t o size. Ultimately the small dense particles are drawn through the steel shot-packing and the screen into the collection hutch.
The effectiveness of such a density separation depends on both particle sizes and differences in density between the dense and the less dense particles. Estimates of these effects are presented in Table 1 . When the particles are in a size range known as the Newtonian sedimentation region (particles greater than about 2 millimeters), the time required for particles t o reach terminal velocity range from a fraction of several seconds. Particles with relatively small density differences can be separated effectively in this size region.
As the size of the particles become smaller, into the transition "Allen Region" (2 mm down t o about 1 0 0 pM), the time required for the particles t o reach terminal velocity decreases; therefore, the advantage offered by the differential acceleration declines. In this region, larger differences in densities are required for separations t o be effective. The jigging process becomes ineffective at particle sizes near the Stokes sedimentation region where terminal velocity is reached almost instantaneously (microseconds t o milliseconds). A density separation using the mineral jig becomes unlikely in the Stokes region, regardless of the density difference. The size range for onset of the nearzero differential acceleration time depends on the density of the particles, for example, about 6 p M for quartz particles, 2.65 g/cc; about 35 pM for a plutonium dioxide particles, 11.4 g/cc ;
and about 27 p M for plutonium metal, 19.8 g/cc. While it might be theoretically possible to make jig density separations down to these small sizes, t h e physical practicalities are such that t h e equipment does not work on particles much less than about 50 pM. These tiny particles simply overflow t h e top of t h e fluidized particle bed regardless of their density.
The technology used in TRUclean in not new. Except for t h e gamma scanning radiological sorting systems, and other radiometric measuring systems which are innovative, the key pieces of equipment are in common industrial use today. Table 9 .
Data presented in Figure 3 , demonstrate that the plutonium is sorbed on the sediment and distributed according to either surface area or ion exchange capacity. Autoradiographic analysis ("Hollow Star" Method) of the sediment confirmed the absence of dense plutonium dioxide particles. The Kd (distribution coefficient) for the plutonium sorbed onto the canal sediment was in excess of 100,000 ml/g attesting to the immobility of t h e contamination in the soil matrix. Table  10 shows the distribution of the sediment and the contamination according to density.
Because the contamination is not distributed as a function of density, the TRUclean Process relying on a mineral jig would not be appropriate to treat either the WD Hillside soil or the MiamiErie Canal sediments. While t h e spiral classifier does perform a rough size fractionation, the abundant contaminated clay fraction is not captured but passes into the water circulation system which is not desianed for it.
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The water recirculation system in current TRUclean Process includes sedimentation tanks and a filter press to remove the very stable clay suspension from t h e recirculation water. These systems are totally inadequate for t h e job of treating the massive amounts of clay from high clay-content soils. This is especially true when t h e clay is t h e most contaminated fraction (Wenstrand, AWC, commenting on the experience with high clay soils from t h e USEPA superfund sites). The filter press, used to remove the fines from the water in the current process, generates a large amount of contaminated waste as diatomaceous earth filter precoat. Wenstrand, AWC, estimates t h e precoat material might constitute as much as 25% of t h e material captured by the filter press. He mentioned the possibility of using a hydrocyclone to remove t h e clay in t h e future, but the technique is only useful down to about 10 pM.
The < 2 AM fraction of t h e soikediment which contains most of the Pu-238 is very difficult to remove from t h e recirculation system. Larger sedimentation tanks or sedimentation ponds would require a great deal of additional water in t h e system. Ultimately the water would have to be flocculated or drummed and disposed of as contaminated waste. Clay particles require a large amount of flocculent to clarify t h e water and t h e conditions for this flocculation process are exacting.
Even after t h e clay has been separated from the water circulation system, it cannot be simply packaged, shipped, and buried in a wet condition. It must be dried or treated with a drying agent before it can be moved. The use of a drying agent is a good choice but would increase the volume of t h e LSA waste. De-watering and drying processes are much larger problems with clay soils than with coarser sandy soils.
Based on discussions with Terry Wenstrand, h e agreed that the waste generation rate for TRUclean may well be in excess of 10% of total process throughput. Even with future modifications, it might be difficult to reduce t h e waste to less than 5%.
4. AWC overestimated the Dotential effectiveness of the TRUclean Process for Mound WD Hillside -Soil.
A review was conducted on the TRUclean decontamination tests performed by AWC with Mound soil in 1987. After a detailed re-examination of the raw data, data treatment methods, and "duplex" calculations, the amount of "clean" soil discharged was found to be about 44.2%. Because 58.8% of t h e soil was processed twice, the waste generated by t h e process was estimated to be 15.8%. Adding the estimated TRUclean Process waste to t h e contaminated soil fraction, means that about 71.6% of the feed volume would be LSA waste. The net volume reduction would therefore be about 28.4% rather than the >90% projected by AWC. This data is summarized in Table  12 .
5.
A s
The net volume reduction offered bv 'TRUclean for t h e sediment in the Miami-Erie Canal is Dredicted to be near zero.
was discussed previously, the plutonium-238 in t h e Miami-Erie Canal sediment is distributed as a function of surface area (or ion exchange capacity). Because the plutonium is not present as dense plutonium dioxide particles and is not sorbed preferentially on a dense mineral phase, it is not distributed in the soil as a function of density ( Table IO) . The sediment is mostly silty clay ( C 50 p M ) and this size fraction contains virtually all the plutonium contamination ( Table  9 ). The average plutonium concentration of sediment which would be excavated from t h e canal is expected t o be about 500 pCi/g. Based on the model developed above, the discharge would have t o be recycled three times t o produce a discharge with a contamination level of less than 10 pCi/g. The amount of "clean discharge" produced depends on the fraction of silty clay which is estimated t o be about 85%. It is, therefore, expected that even if the TRUclean Process were able to totally extract all the silty clay fraction from the coarser material, the maximum "clean discharge" would only be about 15%. Based on the discussion of TRUclean waste generation, it would generate more than 15% as additional waste. The TRUclean Process model projection using the current process is summarized in Table 13 . Table 14 presents the model projections if the process were optimized t o remove all the contaminated silty clay from the sediment completely in a single pass t o produce an absolutely clean discharge and if the process waste generation were reduced t o about 5 % of throughput. Even if these very favorable future improvements were achieved, the process would likely not be cost effective. The contaminated clay-fraction in the Miami-Erie Canal sediment is just too abundant and there is no way t o mechanically or physically separate "hot" and "cold" clay particles. 
